INTRODUCTION main exporter countries. Other countries producing natural rubber outside Southeast Asia region include India, China, and Sri Lanka.
In Indonesia, rubber is the largest cultivated commodity after palm oil. It is cultivated on a large scale, in monoculture system by private or government companies and small-scale, intercropped in farmer land. The most economical part of this species is the sap, called latex, which is synthesized in laticifer tissue through mevalonate (MVA) and 2-C-methyl-D-erythritol 4-phosphate (MEP) path-ways (Chow et al., 2012; Ramos et al. 2019) . Latex is harvested by tapping the bark tissue to release the sap, which is then collected and processed to become various products. H. brasiliensis has a long lifespan; therefore, rubber harvesting actually can be performed in decades. Nevertheless, rubber plantations used to exploit the rubber plant only last for 20 -25 years. The replanting policy executed is mainly due to yield per area unit that has been lower than the operational cost. The decrease in plant density (Qi et al., 2014) and the high position of tapping panel lead to low yield, below the break-even point. Although H. brasiliensis has a bark regeneration ability, tapping too deep will disrupt renewed bark formation, which drives planters to accelerate the replanting program before reaching planned economic lifespan. Michels et. (2012) recommended a panel diagnosis to identify previous harvesting practices and predict the effect of the recent tapping system on the plant economic lifespan. Bark consumption is defined as the thickness of sliced bark per time unit. The thickness of bark sliced at each tapping will influence bark consumption cumulatively. Lacote et. (2013) stated that renewed bark indicated the quality of previous tapping practices. By calculating the average of bark consumption per tapping, the economic lifespan of the plant could be estimated.
Improvident tapping drives to the bark consumption which is higher than the regeneration rate and leads to a complicated effect. For example, one of the factors inducing high tapping panel dryness (TPD) incidence on panel B0-2 (Senevirathna et al., 2007) was due to panel B0-1 which was exploited hastily so that the bark thickness of renewed bark (BI-1), which is related to number of latex vessel, was insufficient for translocating assimilate to panel B0-2. The effort to accelerate bark regeneration is needed to assure the tapping can be performed on renewed bark and extend the economic lifespan. Rahayu et al. (2017) reported that applying a combination of latex stimulant and Polyethylene Glycol (PEG) could increase the growth of renewed bark in PB 260 clone.
Many companies haste the replanting program from the initial plan due to uncontrolled daily bark consumption. The skilled-tapper shortage is one of the obstacles experienced by almost rubber plantations, not only in Indonesia but also in plantation around the world since agricultural sector is not the first choice anymore in the professional world (Kadavil, 2012) . The young generation is more interested in working in other industries, which offer better salary and more enticing environment (Chouhan and Bhowmik, 2017) . Labor shortage leads to a limited choice of skilled-tapper that makes daily bark consumption uncontrolled. Although scientists have been researching for mechanical tapping machine, yet tapping practices still use manual tapping knife, which fully depends on tapper's skill. Practically, panel position affects tapping easiness so that tappers often complain when tapping on the lower basal panel as well as the higher upper panel.
The recent rubber agribusiness shifts toward low-cost practices. One of the approaches adopted by rubber plantations is applying low-frequency tapping system. This tapping system produces a longer gap between two tapping days and implicates a lower labor necessity. It is suspected that bark surface in low tapping frequency will be drier, then it is necessary to slice the bark a bit thicker than in normal tapping frequency. This hypothesis needs to be proved through scientific observation. This study aimed to identify the effect of panel position, height, and tapping frequency on daily bark consumption. The result will be useful for plantation management to arrange the harvesting system, calculate the plant economic lifespan, and construct the tapper's skill improvement program as well as other cultivation practices.
MATERIALS AND METHODS

Sample Preparation and Treatment
This study was carried out at Sungei Putih Research Center, Deli Serdang, Sumatera Utara Province and several estates in Lampung Province (Kedaton, Bergen, and Way Lima) from January to March 2018. The observation focused on some factors including tapping direction, panel height, and tapping frequency from 15 tapping tasks consisting of GT 1, PB 260, and mixed clones. Bark samples were collected from 10 randomized trees per tasks with tapping frequency of once in three days (d3). Tapping notation presented in this paper followed the recommendation of (Vijayakumar et al., 2009 ). Our study distinguished the tapping direction into downward tapping system (panel B0) and the upward tapping system (panel H0). Panel height was measured from the budding intersection and was divided into three categories; downward tapping system in which panel height differed in < 50 cm, 50 -100 cm, and 100 -130 cm, whilst in upward tapping system was categorized into 130 -150 cm, 150 -170 cm, and < 170 cm.
Data collection
Observation on tapping frequency effect was carried out in a trial plot at Sungei Putih Research Center on February -March 2018 using five tapping frequencies, namely once in three days (d3), four days (d4), five days (d5), six days (d6), and eight days (d8). Tapping activity was done using a half spiral on panel B0-2 (35 -40 cm from the budding intersection) with the same tapper. In each tapping frequency, daily bark consumption was measured from five trees with three replications. Fresh bark (previously tapped) was measured using digital caliper (Figure 1 ).
Data analysis
Analysis of variance (ANOVA) was performed for each factor using R Statistic Software version 3.4.2 (R Development Core Team) in R Studio Interface version 1.1.383 (R Studio Inc.). Estimated Marginal Means was calculated using emmeans function, while comparison was calculated using the Tukey method with α = 0.05.
RESULTS AND DISCUSSION
The Effect of Tapping Direction
Hevea rubber is usually tapped in two stages. The first stage is tapping using a downward tapping system (panel B0) and the next stage is exploitation using an upward tapping system (panel H0) when the basal panel has been completely tapped. Tapping panel management is aimed to assure all panels (bark) can be exploited optimally throughout plant lifespan. (Michels et al., 2012) concluded that the usage of a half spiral downward tapping (S/2) and a quarter spiral upward (S/4U) was the best compromise between the yield and economic lifespan of the plant. In our study, upward tapping exhibited higher bark consumption than downward tapping (Figure 2 ). Upward tapping consumed 3.01 mm bark/tapping, while downward used only 2.74 mm/tapping. The different level of difficulty of those two tapping directions is suspected to be the main factor causing the discrepancy of the bark consumption. Upward tapping tends to be more difficult than downward tapping. Herlinawati and Kuswanhadi (2012) suggested that besides bark consumption, panel height, slope, and tapping depth should be considered for obtaining the optimum yield. Although the upward tapping system was proven to increase the yield (Obouayeba et al., 2008) , uncontrolled bark consumption in this tapping practice might reduce the economic lifespan. Lacote et al. (2004) recommended performing annual change over panel from the basal panel to high panel to avoid physiological fatigue in bark tissue and minimize tapping panel dryness. This alternation also could be adopted to limit bark consumption in high panel through temporary tapping on the basal panel.
The Effect of Panel Height
Panel height in downward tapping (panel B0) had a significant negative correlation (r = -0.3; p = 0.0011) with bark consumption. Meanwhile in upward tapping, panel height showed insignificant correlation (r = 0.2, p = 0.16) with bark consumption. This evidence indicated that the lower the tapping position near the budding intersection, the higher the bark consumption ( Figure 3A) . Conversely, in upward tapping, the lower the panel position (near 130 cm), the lower the bark consumption ( Figure 3B ).
In downward tapping (panel B0), bark consumption at height <50 cm was higher (2.9 mm/tapping) than at 100 -130 cm (2.2 mm/tapping) but not significantly different from 50 -100 cm of height (2.6 cm/tapping) as shown in Figure 4A . Nonetheless, there was no significant difference in bark consumption between panel B0-1 and B0-2 (2.80 mm/tapping and 2.70 mm/tapping, respectively) as shown in Figure 4B . It showed that in downward tapping, bark consumption was not affected by tapping panel (B0-1 or B0-2) neither by the panel height from the budding intersection. The open tapping is usually conducted at a height of 130 cm from the budding intersection so that in this study, the trees with panel height of 100 -130 cm were young plants tapped on panel B0-1 or plants that were just moved to panel B0-2. Bark consumption in this group was relatively controlled since the position of the tapper was still ergonomic ( Figure 5A ). Our result indicated that the lower the panel position, the higher the bark consumption although there was no insignificant difference between 100 -130 cm and 50 -100 cm. A significant increase in bark consumption occurred when tapping was conducted at < 50 cm. In the condition when tapping panel was near the budding intersection ( Figure 5B ), tapping activity was more difficult thus bark consumption increased significantly.
In upward tapping system (panel H0), bark consumption was not only influenced by the panel height but also by tapping panel (H0-1 or H0-2) . Bark consumption at height of 130 -150 cm was lower (2.7 mm/tapping) than at 150 -170 cm (3.5 mm/tapping). Interesting data were found when bark consumption in higher panel position (> 170 cm) showed a decrease to 2.7 mm/tapping, same consumption rate with 130 -150 cm panel group (Figure 6A ). Our result was not in accordance with (Siagian, 2017) who reported that bark consumption in upward tapping system was directly propor-tional with panel height. When a comparison was performed between bark consumption on panel H0-1 with panel B0-2, there was evidence that H0-2 had higher bark consumption than panel H0-1 ( Figure 6B ). The average bark consumption on panel H0-1 was 2.88 mm/tapping, while on panel H0-2 was 3.55 mm/tapping.
The reachable height of the panel was the key factor to maintain bark consumption. Plants with panel height of 130 cm -150 cm could be relatively easy to tap using a short upward tapping knife ( Figure 7A ). This position usually occurred in a plant that has just been moved from panel B0-2 to H0-1 or from H0-1 to H0-2. In the next years, panel position would shift upward and the bark consumption would increase. In this study, we found that the bark consumption at height > 170 cm was not different with that at130 -150 cm as tapper extended the stick to reach higher panel ( Figure 7B ). Our result exhibited that bark consumption in panel H0-1 was higher than in panel H0-2. Ideally, the bark consumption should be similar as panel H0-2 used same height with panel H0-1. One of the factors driving higher bark consumption in panel H0-2 was the assumption that plant tapped in H0-2, especially with panel height > 170 cm, would be replanted in a few years so that the bark consumption was less considered. This was an erroneous assumption since bark consumption should be maintained in order to reach the initial-planned economic lifespan. If well-maintained, upward tapping could produce high yield until the panel reached 3 m of height (Xiaodi et al., 2008) .
The Effect of Tapping Frequency
Tapping frequency is defined as how often the plants are tapped. Our study exhibited a positive correlation (r = 0.36; p = <0.001) between tapping frequency and daily bark consumption ( Figure  8 ). However, our further investigation indicated that a significant difference occurred only in d3 tapping frequency, while d4, d5, d6, and d8 were statistically not different. Our result did not fully support the assumption that the longer the plants are untapped, the thicker the tapping is needed as the bark tissues become drier.
The average of daily bark consumption in d3 frequency was 2.07 mm/tapping with annual consumption of 22.8 cm approximately. Tapping frequency of d4 had bark consumption of 2.24 mm/tapping (significantly higher than d3). However, the annual consumption was only 17.9 mm since it used 80 tapping days per year. Furthermore, tapping frequency d5, d6, and d8 had insignificant bark consumption per tapping compared to d4 but had lower annual bark consumption (Table 1) . Our result was in contrary with Kudaligama et al. (2010) who reported that there was no significant difference between d2, d3, d4 and d6 with bark consumption around 1.4 -1.6 mm/tapping. The recent trend in rubber exploitation is adopting a low-frequency tapping system to reduce labor cost consequently to the low rubber price in recent years. This study indicated that low-tapping frequency application would increase daily bark consumption, while annual consumption would be lower as it used less tapping day per year. Sainoi Note: The different letter in the same column indicated significantly different based on Tukey comparison (α = 0.05) et al., (2017) suggested that low tapping frequency applied consistently had potential impacts not only the labor-saving but also a longer economic lifespan. Furthermore, Adou et al. (2017) recommended the d4 tapping system based on yield and bark consumption considerations.
CONCLUSION
The daily bark consumption in rubber tapping was influenced by many factors. Upward tapping consumed higher bark than downward tapping system. Panel height drove the tapping easiness and determined bark consumption rate. In downward tapping system, the lower tapping panel would consequence higher bark consumption. Conversely, in upward tapping system, bark consumption increased along with panel height. Another factor affecting bark consumption was the tapping frequency. Low-frequency tapping (d4, d5, d6, and d8) tended to have higher daily bark consumption compared to a normative frequency (d3). However, the bark consumption was annually low along with the lower number of tapping day per year.
